Abstract. There is a trend in Malaysia and Singapore, engineers tend to model the effect of TBM tunneling or deep excavation to the adjacent piles in 2D model. In the 2D model, the pile is modelled using embedded row pile element which is a 1-D element. The user is allowed to input the pile spacing in out-of-plane direction. This gives an impression to engineers the embedded pile row element is able to model the pile which virtually is a 3D problem. It is reported by Sluis (2014) that the application of embedded pile row element is limited to 8D of pile length. It is also reported that the 2D model overestimates the axial load in pile and the shear force and bending moment at pile top and it is not realistic in comparison to 3D model. In this paper, the centrifuge results of single pile and 6-pile group -tunneling problem carried out in NUS (National University of Singapore) are back-analysed with Midas GTS 3D and a 2D program. In a separate case study, pile groups adjacent to a deep excavation is modelled by 3D and 2D program. This paper compares the deflection and forces in piles in 2D and 3D models.
Introduction
There are more and more numerical analyses were carried out for development fall within the first and second reserve of MRT line in recent years in Malaysia, especially in Klang Valley, starting from year 2010 as part of the requirement of submission to MRT Corp. for the developer to get approval of development. However, engineers in Malaysia and Singapore are taking the advantage of 2D analysis in analysing a truly 3D problem particularly in pile-tunnel interaction and the effect of deep excavation to adjacent piles. Therefore, it is necessary to investigate the ability of the 2D analysis in a real 3D problem. It is particularly interesting to test the embedded pile rows element in 2D analysis in which engineers are in font of using it to model piles in 2D analysis.
Background of embedded pile row
Embedded pile row element was introduced in 2014 by Sluis et.al and it is available in Plaxis AE onwards as to overcome the drawback of modelling the pile using beam element and anchor node in 2D analysis. Description and formulation of the embedded pile row can be found in Sluis (2014) , Kwaak (2015) & Plaxis (2017). There are two important figures proposed by Sluis (2014) . Figure 1 shows the concept of the embedded pile row where the imaginary nodes with springs are created to model the pile. The imaginary node is not the same node as element node. The nodes are then connected to the soil element by the built-in interface element. The other more important point from Sluis (2014) is that the embedded pile element is only suitable for pile length of up to 8D, where D is the diameter of the pile. 04011 (2018) https://doi.org/10.1051/matecconf/201820304011 ICCOEE 2018 
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The effect of tunnelling to adjacent piles
In order to investigate the behaviour of the embedded pile row in pile-tunneling problem, the test results from centrifuge carried in NUS by Ong (2009) Table 1 and 2. The pile is modelled by using 1-D beam in 3D model and embedded pile row in 2D model. The subsoil comprises of 24 meter thick Malaysian Kaolinite Clay overlays a 3.5m thick dense Toyoura sand. The properties of the structural elements are shown in Table 3 to 6. Case 1 is a single pile -tunnel interaction problem. The pile length is 22 m, a floating pile. The pile is subjected to soil movement due to tunnelling process, 6.5% volume loss. nCase 2 is a 6-pile group -tunnel interaction problem. The pile length is 27.5m, an end bearing pile. The pile is directly sit on the base plate of strong box. 3 % of volume loss was applied.
There are three processes in this problem. First, the pile is subjected to soil movement due to tunnelling in short period of time. Excess pore water pressure will be created in the active zone above the tunnel. The second process is the dissipation of the excess pore water pressure to it's original active pore water pressure. The third process is the seepage through the two perforated rubber pipe embedded in the sand layer. This will cause subsidence to the model. The second and third process are executed simultaneously. The first to the third process are modelled in 3D FE but only the first and second process are modelled in 2D model but this does not affect the direct comparison of the result of 2D and 3D because the subsidence only affect the axial load in the pile. Drained analysis is adopted in 2D FE which is a long-term analysis. Contraction mode similar to Gap method as adopted in Ong's (2009) thesis is replicated. The length of the mesh around the tunnel is set to 1 meter. The node of the mesh around the tunnel is inputted in both 2D and 3D model so that the coarseness around tunnel of the 2D and 3D FE remains the same.
Zero pressure head is applied around rubber pipe in stage 3 to allow seepage around rubber pipe. A 0.5 meter thick cylinder is created using 3D solid element. The outflow of water is controlled by the permeability of the thick cylinder. The thick cylinder has the same properties to the Toyoura sand except the permeability was set to 2e-7 m/s to matched the long-term consolidation in centrifuge test. The construction stages are : Stage 1 -initialization of ground stress. Stage 2 -install piles or pile group and reset displacement to zero. Stage 3 -apply contraction around tunnel and apply zero pressure head around rubber pipe. Stage 4 -Consolidation to dissipate excess pore water pressure to zero. Figure 3 shows the comparison of soil movements in 3D FE and the centrifuge with 6.5% volume loss and Figure 5 shows the comparison for 3% volume loss. They are comparable well in short-term and long-term settlement. Figure 5 (left) shows the measured pore pressure in centrifuge during the setting up, tunnelling and dissipation of the excess pore pressure. The pore water pressure in the active zone above the tunnel in 3D model is shown in the right figure of Figure  6 . An excess pore pressure of about 60 kPa was generated during the tunnelling and it dissipates in about 80 days. The result is comparable to the measured one. Figure 4 shows the possible mode of bending of piles in tunnelling-pile and deep excavation -pile interaction problem. All geometries and properties adopted in 3D model is replicated in 2D model so that the closest comparison of the results can be made ( Figure 7 ). The connection of the connection of pile and pile cap is set to be rigid. (2018) https://doi.org/10.1051/matecconf/201820304011 ICCOEE 2018 Figure 8 shows the comparison of deflection, bending moment and axial load of measured data from centrifuge, 2D and 3D FE for the pile. The maximum deflection obtained from centrifuge test is 28 mm. It happens at pile top and the deflection profile shows alike the deflection of a cantilever wall. Midas GTS NX 3D predicts a maximum 17 mm deflection but the maximum deflection happens at level at the springline of tunnel. Ong (2007) has back-analysed the problem using Plaxis 3D and he predicts 10 mm deflection. 2D FE predicts 63 mm deflection at pile top. It is understood that the embedded pile row was design for analysing pile row however it is tested in this exercise by specifying the spacing of pile of 3-diameter. It is not intended to compare the magnitude of the deflections of the various methods but attention should be drawn to the curvature exhibited by the embedded pile row element. Deflection of 10 mm or 17 mm or 28 mm practically are in the same range of deflection in term of the effect to the adjacent structures moreover it is very dependent on the shape of the contraction of the tunnel. The embedded pile row element tends to exhibit stiff behaviour or similar to short pile behaviour. Take note on the caution made by Sluis (2014) in Figure 1 of the embedded row element is only suitable for a pile length of greater than 8D. Poulos has defined short pile as pile with length of less than 10D. If the embedded pile row is applied for a with pile length of greater than 10D, it will then underestimate the induced bending moment because bending moment is a function of second derivative of curvature. It is expected that the bending moment will be underpredicted by embedded pile row element such as shown in Figure 8 (middle). The embedded pile row element also overpredict the axial load. Reminded that the subsidence was not modelled in 2D FE. If it was modelled, the number could have been higher.
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Discussion of results in Case 1 -Interaction in between tunnelling and single pile
Many pile-tunnel interaction problems have been analysed by various authors. In this problem, pile will move along with the soil surrounding it at similar amount. This behaviour is also observed in pile-deep excavation interaction problem (Poulos et. al, 2014) . The deflection of pile is very similar to the soil movement surrounding the pile in centrifuge, 2D or 3D analysis, see Figure 9 . Besides deflection and forces in the pile, settlement also comparable well with the measured data (Figure 10 ). Ong's 3D FE (2007) underestimated the settlement because subsidence was not modelled. Figure 11 shows the comparison of deflection, bending moment and axial force in the pile of centrifuge results, 2D and 3D FE. Generally, the 2D and 3D FE predict greater deflection than the centrifuge result. However, Figure 12 (left) shows that pile does not move together with the surrounding soil or it can be interpreted as the Kaolinite clay flows around the piles during the tunnelling. This is contradictory to the behaviour in single pile where the volume loss of the tunnel is even larger, 6.5% and hence the centrifuge result is suspicious.
Discussion of results in Case 2 -Interaction in between tunnelling and pile group
If the pile is sit directly onto the base place of the strong box, then the piles are restricted from moving at vertical direction and all the load will be transferred to the pile toe such as a column in a structure where the maximum axial load is at the pile toe and the maximum axial load will not happen at some distance away above the pile too, alike axial load in a downdraged pile. Again, embedded pile row exhibit stiff behaviour. The little bending near the pile head was due to the fixed-head condition at pile head. The little decrease of axial force in 2D FE was due to the stiffness of spring at pile base has to be explicitly assigned to a high value to model it as end bearing pile. The end node of the embedded pile row is not connected to the mesh. 
Effect of deep excavation to adjacent piles
This is a 2-basement excavation problem with the MRT pile groups already constructed prior to the proposed excavation, using top-down construction method. The MRT piers are supported by 3x1500 mm diameter-pile group and the escalator structures are supported by 3x600 mm diameter-single piles. The typical cross sections are shown in Figure 13 and 14. A 3D-FE was carried out to model the effect of the excavation to the adjacent piles. The 3D model comprises of 260,000 tetrahedron and hexahedron elements. The bored piles are modelled by 1-D beam element, see Figure 15 . Pile-soil interface is modelled to connect the beam element to the soil. The input parameters of the pile-soil interface element are the ultimate shaft friction and the stiffness of the spring, aka load transfer method. LG Fully coupled seepage stress analysis was carried in Midas GTS NX while steady state ground water plastic analysis was adopted in 2D analysis.
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There are nine construction stages in Midas GTS NX including the construction of slab at RL20.8m and RL28.6m, the construction of reinforced concrete wall above the diaphragm wall and 30 years of consolidation. The simplified construction stages are;  Generalize ground stress at RL29m  Construct diaphragm wall, bored piles, pile cap, buttress wall and reset displacement to zero  Excavate to RL24.4m  Construct 200 mm thick slab at RL24.4m  Excavate to RL18.8m
3.1 Modelling of diaphragm wall and buttress wall and pore pressure in 2D and 3D
The two-basement excavation is supported by 600 mm thick diaphragm wall. Buttress wall was proposed to limit the deflection of the diaphragm wall to 15 mm as the requirement of MRT Corporation, the local authority that oversee the construction adjacent to MRT train. The diaphragm wall and buttress wall were modelled by 2D shell element in Midas GTS NX 3D. It is not possible to model the buttress wall which is 3D in nature in 2D FE software. But it is adequate to model the buttress wall by increase the stiffness of the soil within the buttress wall to give similar magnitude of deflection of diaphragm wall in 3D FE to facilitate the study of the effect of excavation to the piles. The Young's modulus of soil was increased from 28 MPa to 72 MPa to give a deflection of diaphragm wall of 15 mm, see Figure 16 & 17 for the horizontal movement of 2D and 3D FE. Comparison of deflection and forces in diaphragm wall in 2D and 3D FE is shown in Figure 18 . It is not the intended to match the forces in diaphragm wall of 2D and 3D. It is also necessary to match the pore water pressure in 2D and 3D. Pore water pressure obtained from 3D FE is inputted into 2D FE. Properties of soils and structural elements are give in Table 7 and the properties of pile-soil interface are given in Table 8 . Comparison of deflection and forces of 600 mm diameter bored pile of 2D and 3D is shown in Figure 19 . The deflection of pile showed stiff behaviour in deflection and it is similar to short pile behaviour and therefore the embedded pile row element underestimates the bending moment. Similar behaviour is repeated in 1500 mm diameter bored piles (Figure 20) . The bending moment in 2D FE is overestimated if the pile cap is modelled as plate element and fixed-head condition is assumed. A lower bending moment of pile top in 3D FE shows some degree of release of rotational stiffness in pile cap. Axial load in 2D FE is again overestimated. 
Successful use of embedded pile row
The performance of the embedded pile row element was tested in quay-wall structure, piled embankment and stability of piled slope and the results are encouraging. However, in all these cases, by nature of the configuration of the problem or loading conditions, the pile tend to deflect in such a way very similar to short piles such as mode 1 (free head) and mode 2 (fixed-head) in Figure 4 and therefore the results are comparable to the 3D FE. However, if a long pile is subjected to soil movement well below the ground surface such as in tunnel problems or a long pile is subjected to soil movement due to deep excavation, refer to mode 3 and mode 4 in Figure 4 , then the embedded pile row is not suitable because it underestimates the bending moment.
Conclusions
Back-analysis of pile-tunnelling and pile-deep excavation problems are shown in this paper. In both cases, external load is applied onto pile below pile head in the form of soil movement. In these situations, bending moment (and therefore shear force) in pile tend to be underestimated if embedded pile row is deployed to model a pile in 2D FE due to stiff behaviour shown by embedded pile row element. The magnitude of deflection can be predicted correctly. But if the pile is loaded at or near the pile head such as pile supported quay wall or piled embankment, the embedded pile row is useful and it saves a lot of computation time.
